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Willis G. Worcester Professor at Virginia Tech

A Founder ofWireless @ Virginia Tech aRdllow to the IEEE

A Founding Faculty member of the Ted and Karyn Hume Center for National Security a
Technology

A Software Radio: A Modern Approach to Radio Design

A Cofounder of Cognitive Radio Technologies (CRT), Federated Wireless, and PFP
Cybersecurity

A International Achievement Award by the Wireless Innovations Forum



Samsung Research America
Adjunct Faculty Member at Virginia Tech

AThe worl dés FIRST multimedia book on
A Textbook on Cellular Communications

A 23 years in wireless communications

A Expertise: 5G, LTE-Advanced Pro, LTE-Advanced, LTE, IMS

A Pioneering work on applications of Al in cellular networks

A Contributor to FCC, GSMA, Scientific American, CTIA, CNN, EE Times University
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Give examples of services targeted by 5G
Specify the performance goals for 5G in terms of data rates and latency

lllustrate the overall 5G system architecture
Explain Network Slicing, Service Based Architecture (SBA), aneéhbbalsis Edge Computing (MEC)
Summarize key characteristics of the New Radio (NR) air interface

Differentiate between Standalone (SA) NR and-{Standalone (NSA) NR

Discuss the challenges of different spectrum bands

Mention the roles of Network Functions Virtualization (NFV) and Software Defined Networking (SD



5G Fundamentals:
Target Services &

- Performance Goals =~



Before 5G:

U Cellular technologies have evolved from the fgsheration (1G) to

the fifth-generation (5G) in about four decades

U 4G Long Term Evolution (LTE) Is a glolaiployed mobile broadband

technology
U The standards organization, 3GPP (Third Generation Partner
Project), defined 4G LTE in Release 8 in 2008
The 5G Era:
U 5G offers unprecedented performance capabilities and flexibi
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enhanced Mobile Broadband
(eMBB)

Gigabytes in
a Second

3D Video, UHD Screens

Smart Home/ ﬁ - Work and Play in the Cloud

Building

Smart City
& ¥o . o Self-Driving Car

massive Machine Type Mission Critical Ultra-Reliable & Low-Latency
Communications (mMTC) Applications Communications (URLLC)



IMT=-2020 vs. IMT-Advanced
W IMT 2020 ™ IMT Advanced
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Peak Data User Spectral User Mobility Latency (ms) Connection Network Area Traffic
Rates (Gbps) Experienced Efficiency (x100 Kmph) Density Energy Capacity
Data Rate (x10  (bits/s/Hz) (x100,000 Efficiency (Mbps/m?)
Mbps) Devices/km?) (x10)







